3 



Europaisches Patentamt 

® ^JJj European Patent Office 0 Publication number: 0 097 405 

Office europeen des brevets A1 



® EUROPEAN PATENT APPLICATION 

® Application number 83200920^ ® InLQ.': B 01 D 9/00 

(§) Date of filing: 20.06.83 



® Priority: 22.06.82 NL 8202517 

(g) Date of publication of application: 
04.01.84 Bulletin 84/1 

@ Designated Contracting States: 

AT BE CH DE PR GB IT U LU NL SE 



© Applicant: NEDERLANDSE CENTRALE ORGANISATIE 
VOOR TOEGEPAST-NATUURWErENSCHAPPEUlK 
ONDERZOEK 

Juliana van Stolberglaan 148 
NL-2595 CLThe HaguafNL) 

(72) Inventor: Thljssen, Henricus Alexis Cornelia 
R6ntgenlaan 2 
NL-5691 GK Son (N.B.)(NU 

@ Inventor: ArkenboutGerardus Johannes 
Montessorilaan 23 
NL-3706TBZelst(NL) 

® Representative: van derBeek* George Frans et el. 
Nederiandsch Oetroolbureau Johen de Wittiaan 15 P.O, 
Box 29720 

NL-2502 LS Den HaagfNU 



in 

IS 
0) 

o 



@ Apparatus for concentrating a suspension. 

® An apparatus for concentrating a suspension consisting 
of a hollow cylinder (1) in which one or more tubes (2) of a 
constant outward diameter extend in axial direction. In the 
wall of each tube at least one filter (3) being mounted 
forming the only direct connection between the interior of 
the tube and the interior of the cylinder. Two or more of such 
apparatus can be connected In series in order to form a 
cascade. 
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Apparatus for concentrating a suspension^ 

The invention relates to an apparatus for concentrating a 
suspension, which apparatus consists of a concentration zone 
surrounded in radial direction by a vail, of vhlch concentration 
zone the cross-section perpendicular to the centre line is constant 
and which apparatus is provided with means for the supply of 
suspension at the beginning of the concentration zone; vlth one or 
more filters near the end of the concentration zone, with means for 
removing the liquid passed through the filters, with means for 
removing concentrated suspension at the end of the concentration 
zone, and with means for the generation of a pulsating flow In the 
concentration zone. 

Furthermore, the invention relates to a cascade for, effecting 
a complete separation between cyrstals and melt by means of t%fO or 
more of the apparatus mentioned above which are connected in 
scries. However, a complete separation between crystals and mother 
liquor can only be obtained if the crystals are subjected to a 
countercurrent wash process before leaving the last apparatus. 

An apparatus as mentioned above is known from US patent 
specification 2,854,494. This patiept specification describes a 
crystal wash column in which in a cylindrical room a crystal 
suspension is concentrated by directing this suspension along a 
portion of the cylindrical vail which contains one or more filters. 
At least a substantial portion of the liquid In the suspension Is 
removed through these filters. The crystals substantially rid of 
liquid, thus the concentrated suspension, is transferred along the 
filters and removed by a way different from that of the liquid. In 
this known apparatus the liquid and the crystals of^ the suspension 
to be treated initially move in the same direction. In the filters 
mounted in the wall, however, the greater part of the liquid is 
removed sideways, while the crystals continue to move in' the same 
direction. 

A serious disadvantage of this known apparatus is ' that a 
homogeneous flow of washing liquid through the crystal bed Is not 
possible. Since the filters arc exclusively located in the column 
wall in the neighbourhood of the filters there is not an axial- 
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liquid flow which is equal over the entire cross section of the 
coluian, but a substantially radial liquid flow directed towards the 
filters. This causes a very undesirable preferential flow in the 
neighbourhood of the filters due to which the liquid docs not flow 
to the filters along a short flow path but along a long one part of 
which can be located - seen in the direction of the transport of 
the solid material - far beyond the filters. Keedless to say that a 
uniform washing out of the crystal bed over the entire cross 
section of the column and the obtaining of a homoEeneous product 
become illusory. This disturbing effect of the filters mounted in 
the wall on the liquid flow in the crystal bed increases with a 
larger column diameter. 

A second disadvantage of this known apparatus is that in the 
neighbourhood of the filter a densely packed crystal bed is formed, 
on which a big force has to be exerci&ed for its transfer due to 
the fact that the friction between such a packed bed and the wall 
of the column can be very considerable. This big force exercise'd on 
the concentrated suspension involves a considerable energy 
consumption, while moreover there is the risk of deforming or 
damaging the crystals as a result of this big force. In the known 
apparatus according to the cited US patent specification the wall 
friction, and consequently also the force exercised on the 
concentrated crystal suspension, is decreased by maintaining a 
pulsating liquid flow in the column. Moreover, high demands are 
made upon the inside measurements of the columns, i.e. the Inner 
cross section has to have the sane size and shape all over the 
column in order to reduce the friction between the packed crystal 
bed and the wall to acceptable proportions. A narrowing of the 
inner cross section of the column would result in a compression in 
radial direction of the crystal bed and, consequently, the 
occurrence of excessively big friction forces. Due to a - gradual - 
widening of the inner cross section of the column in the direction 
of the material transfer the friction and the force to be exercised 
on the crystal bed could be reduced, it is true, but also an 
increasingly strong liquid flow between the wall and the crystal 
bed would occur disturbing a uniform liquid flow through the bed 
itself. 



0097405 

3 

In addition to the objections set fortli above connected with 
the friction between the packed crystal bed and the wall, the known 
colwnn according to the cited US patent specification has a further 
more serious disadvantage. 

The object of the invention is to provide an apparatus for the 
concentration of a suspension which apparatus does not have the 
disadvantages mentioned above, or at least in a substantially 
reduced measure • 

The invention is based on the insight that the liquid flow in 
a crystal bed in a column Is disturbed substantially less when the 
filters are not, or at least not exclusively, mounted in the column 
wall, but evenly distributed over the entire cross section of the 
column. Such an array of the filters, however, must be such that 
the form and the size of the cross section of the concentration 
zone arc constant over the whole length of the column as in case of 
a decreasing cross section the concentrated crystal bed cannot be 
transferred, while in case of an increasing cross section the 
formation of channels occurs along the wall. 

The object of the invention is, therefore, achieved with an 
apparatus as indicated above, which apparatus is characterized 
according to the invention in that one or more tubes of a constant 
outer diameter extend from the beginning of the concentration zone 
In axial direction through the concentration zone, and that in the 
vail of each tube at least one filter is mounted forming the only 
direct connection between the interior of the tube and the 
concentration zone. 

With this measure, naturally combined with a careful 
measurement of the concentration zone, on the one side a uniform 
removal of the liquid over the whole cross section of the zone is 
obtained, and on the other side, also by the applied pulsating 
flow, an acceptable friction between the packed crystal bed, the 
wall of the concentration zone and the surface of the tubes is 
obtained. 

In a preferred embodiment of the apparatus according to the 
invention the concentration zone has a circular cross section, the 
tubes are distributed evenly over this cross section covering only 
a small portion of this cross section. 
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Preferably in each tube a portion of the wall with a length 
equal to a multiple of the outer tube diameter is carried out as a 
filter. 

The filters can be counted not only in the tube vails, but 
also in the wall of the concentration zone. Preferably all filters 
are equidistant from the end of the concentration zone. 

The pulsating flow can be generated in many ways; In a 
preferred embodiment the rate of the removal of the liquid passed 
through the filters is changed periodically, including the 
periodical closure of this removal. A pulsation device generally 
comprises a piston moving to and fro, and an expansion chamber in 
another part of the apparatus. 

As no excessively big forces need to be exercised on the 
crystal bed in the device according to the invention the crystal 
bed is transferred exclusively by the pressure of the passing 
liquid. This prevents a.o. deformation and damage of the crystals 
in the bed. The concentration of the crystal bed Increases in the 
direction of the filters and consequently also the pressure 
exercised by the liquid in axial direction of the bed. This 
pressure must be bigger than the opposing forces, mainly the 
friction. The force on the. crystal bed is determined by the 
pressure drop of the liquid over the bed between the inlet of the 
suspension and the liquid removal through the filters. The pressure 
drop can be increased by extending the length of the bed or by 
increasing the flow rate of the liquid. If the suspension to be 
concentrated contains too little liquid to cause the desired 
pressure through the liquid on the crystal bed, a portion of the 
liquid passed through the filters can be recycled, as a result of 
which the pressure on the bed increases. In fact, this boils down 
to a decrease of the particle density of the suspension to be 
concentrated at the beginning of the concentration zone. 

The cpncentrated suspension which has moved along the filters 
can e.g. be*^ removed by means of a scraper. 

The suspension concentrated in the apparatus according to the 
invention, which suspension has been treated in this apparatus with 
a liquid in concurrent can then be treated in a washing zone in 
count ercur rent with another liquid, this washing zone can form a 
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unit with the apparatus according to the invention described above, 
and be mounted between the filters of the concentration zone and 
the means for the removal of the concentrated suspension. Tn the 
washing zone the concentrated suspension Is transferred in the same 
direction in which it moved in the concentration zone, while at the 
end of the washing zone, averted from the concentration zone, a 
washing liquid is supplied which moves in countercurrent through 
the concentrated suspension. The washed concentrated suspension is 
preferably transported to a rinsing chamber where the concentrated 
and washed solid particles are again suspended in a liquid phase 
vhich is at the same time used as a washing liquid. The pulsating 
flow in the concentration zone can be generated by periodically 
changing the flow rate of the washing liquid to be supplied, Vhati 
the apparatus according to the invention Is used for the separation 
of a mixture of substances by means of crystallization, a 
crystailizer is - seen in the direction in which the crystals move 
- positioned before the concentration zone, in which crystalllzer 
the mixture to be separated, which Is liquid In normal conditions, 
is partly crystallized by cooling doini, thus forming the crystal 
suspension which is supplied to the concentration zone. If the 
mixture of substances to be separated is solid * in normal 
conditions, the crystal suspension can be prepared by partly 
melting this mixture. Further, a device can be mounted - seen in 
the direction of the movement of the crystals - after the washing 
zone, in which device the crystals or the crystal suspension 
removed from the washing zone, are molten and part of the melt is 
recycled, as washing liquid to the washing zone. 

the apparatus is provided with means for a controlled dosage 
of washing liquid. The control signal is obtained by measuring the 
temperature, concentration etc in the washing zone or in the 
rinsing chamber. The dosage of the washing liquid can be controlled 
by adjusting the pressure of washing liquid in the rinsing 
chamber • 

If crystallization takes place iron a melt as a result a 
so-calledwashlng front occurs In the washing zone, i.e. the place 
where the temperature and the concentration gradients arc maximal. 
The washing liquid supply is preferably controlled in such a way 
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that this washing front is located in the washing zone about 
halfway the filters and the device for removal of the concentrated 
suspension. 

Should the washing front be located at or in the neighbourhood 
of the filters, these could get clogged up by crystal growth. 

In the case of crystallization froai a solvent whereby the 
crystals are separated out as a solid product, a saturated solution 
of pure product in a solvent can be used as washing liquid. It is 
then advantageous to adjust the washing liquid supply in such a way 
that a small flow rate of washing liquid flows through the entire 
washing zone and is removed through the filters. 

In the case of crystallization from a solvent the apparatus 
can profitably be used as a preliminary stage for centrifuging or 
filtering. By connecting an apparatus according to the invention 
before a centrifuge or a filter a complete separation of mother 
liquor is obtained while a minimum quantity of washing liquid is 
used. The apparatus according to the invention can in particular be 
applied profitably for washing sugar crystals and anorganic salts 
such as cooking salt.' 

The crystals can move in the form a packed bed through the 
. washing zone. It is recommendable that the filter tubes extend 
through the washing zone to the removal device^ as otherwise in 
direct line with the tubes channels could be formed in the packed 
bed. 

Another possibility is to mix the concentrated suspension and 
the washing liquid in radial direction so that there is no packed 
bed. Stirring can be effected by means of a stirring device 
comprising a rotor, the axis of which is coaxial with the centre 
line of the washing zone and which rotor is at least over part of 
its length provided with radially outwardly protruding rotor pins, 
while the washing zone Is surrounded by a cylindrical jacket 
provided with radially inu^ardly protruding stator pins. 

Furthermore, for the construction of this washing zone and the 
way in which the washing is done therein, reference is made to a 
second patent application filed in applicant's name on the same 
date as the present patent application, which second patent 
application relates to a method and apparatus for treating 
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suspended particles with a liquid in countcrcurrent . 

In the case of crystallization iron the raelt and heavily 
polluted mother liquors are used the desired complete separation 
between crystals and mother liquor cannot be realized by means of 
only an apparatus according to the invention with a packed crystal 
bed. 

The crystallization temperature of such a oother liquor can be 
from 50 to 75*C lower than that of the pure main component to be 
separated. This means that under such circumstances the crystals in 
the column are able to be heated up by from 50 to 75^C. This is 
only possible if the heat required for this Is withdrawn from the 
washing liquid. Due to this part of the washing liquid crystallizes 
which results in a decrease of the porosity of the packed bed. This 
decrease of the porosity may not be so strong that a total or at 
least substantial closing of the packed bed occurs. Since the 
specific heat of most substances amounts to about 1 Z of the 
melting heat the maximal allowable temperature difference is about 
from 20 to AO*C at a bed porosity of about from 0.4 to 0.5 which 
frequently occurs in a packed bed of crystals. 

The required washing pressure for causing the flow rate of the 
washing liquid increases as the bed porosity decreases. Cue to this 
a greater driving force is needed for the forced crystal transfer 
against the washing pressure towards the melting circuit. In that 
case the crystal transfer consumes relatively much energy and the 
hydraulic forces may be too small for realizing the desired 
capacity of the crystal transfer. 

If there Is a great temperature difference between the 
supplied crystals and the pure product a complete separation 
between crystals and mother liquor can nevertheless be realized if 
two or more apparatus according to the invention are connected to 
form a cascade. Often two apparatus are sufficient for bridging the 
temperature difference between the supplied suspension and the pure 
substance. *-The following observation is therefore and for the sake 
of simplicity limited to a cascade of two apparatus according to 
the invention. 

The crystal suspension to be treated is supplied to the first 
apparatus and concentrated. The concentrated crystal mass is again 
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suspended in the ricsing chamber vith mother liquor from the second 
apparatus and Is as diluted suspension transferred to the second 
apparatus. 

The process conditions can be set In such a way that In each 
apparatus there occurs a stationary washing front. In the second 
apparatus a pure melt of crystals is again used as washing liquid - 
In the first apparatus the washing liquid is the mother liquor from 
the second apparatus. 

The heat required for increasing the temperature of the 
crystals in the first apparatus is withdrawn from the mother liquor 
from the second apparatus which functions as washing liquid, due to 
which this mother liquor partially crystallizes. 

Due to the partial crystallization of the mother liquor from 
the second apparatus which mother liquor functions as washing 
liquid, the concentration of the impurities increases and due to 
this the corresponding equilibrium temperature drops. 

A controlled quantity of melt of pure crystals Is fed to the 
rinsing chamber of the first apparatus in order to undo the change 
of the concentration caused by the extra crystal growth. Since the 
equilibrium temperature is a good measure for the composition of 
the liquid the addition of the melt to the rinsing chamber is 
controlled based on a temperature measurement in the rinsing 
chamber. . 

Preferably a cascade of two apparatus according to the 
invention is provided with means for a sluice in the pipe line 
between the mother liquor removal in the second apparatus and the 
inlet of the rinsing chamber in the first apparatus. 

By using a sluice a complete separation of crystals and mother 
liquor is possible in such a cascade without the occurrence of a 
stationary washing front in the first apparatus. 

When a sluice is used a small quantity of mother liquor 
together with the concentrated crystal mass is removed in the first 
apparatus "towards the rinsing chamber. During the passage of the 
crystals through the first apparatus the crystals remain in contact 
with mother liquor having the original composition. Thus it is 
possible to separate a substantial part of the mother liquor at a 
constant temperature of the crystals. The required heat is 
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withdrawn In the rlnsinfi chamber fron the liquid phase. The extra 
crystal crowth ta^es place In a diluted suspcnBion. In this way any 
temperature difference can be bridged since no closing and clogging 
of the crystal bed occurs. 

The liquid which is removed through the sluice is recycled to 
the crystal bed. The quantity that is sluiced is not only 
determined by the quantity of mother liquor that is allowed to be 
carried along together with the crystals in the first apparatus, 
but also by the concentration difference between the mother liquor 
10 and the liquid in the rinsing chamber (which is the mother liquor 
of the second apparatus). As the impurity concentration is higher 
in the rinsing chamber, the mother liquor carried along is less 
diluted and a smaller quantity is sluiced which results in a 
smaller loss factor due to the sluice. 
15 Instead of pure product the starting naterial to be 

cp^ystallized can often lie fed to the rinsing chamber of the first 
apparatus In order to undo the change of the concentration caused 
by the extra crystal growth. The addition of feed* to the rinsing 
chamber of the first apparatus has the advantage of heat 
20 recuperation as the cold content of the crystals transferred by the 
first apparatus can be used for partial crystallization of the 
starting material. 

The invention will be explained with reference to the 

drawing. 

25 Fig. 1 shows a diagram of the apparatus according to the 

Invention for concentrating a suspension. 

Fig. 2 is a diagram of the apparatus of fig. 1 combined with a 
washing zone which is stirred. 

Fig. 3 is a diagram of a cascade of two apparatus connected in 
30 series each with a zone with a packed bed. Pure product is fed to 
the rinsing chamber of the first apparatus, from which product the 
heat can be withdrawn required for increasing the temperature of 
the crystals. 

Fig. 4 is a diagram of a cascade of two apparatus according to 
35 the Invention connected in series, in which, instead of pure 
product the starting material to be crystallized is fed to the 
rinsing chamber of the first apparatus. 
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The device according to fig. 1 consists of a hollow 
cylindrical body 1 of e.g. glass, with one or more tubes 2 in it, 
positioned in longitudinal direction and each provided with a 
filter 3 over a length which is a multiple of the diameter of the 
tube. The tubes are mounted in a fixed place in the column and 
evenly distributed over its inner cross section. The cross section 
of the tubes covers only a fraction of the surface of the inner 
cross section of the cylinder. At one end the apparatus is provided 
with means for the removal of concentrated suspension, viz. a 
rotatable knife 1^ with a drive 22. At the other end a line 5 is 
available for supply of suspension, which line 5 ends in a mixing 
chamber 15 from which the suspension is carried into cycllnder 1, 
evenly distributed over its cross section. The filtered liquid is 
removed through lines 6 and a pump 7. 

The filters are located in such a way that the distance 
between the suspension inlet and the filters is three to four times 
the distance between the suspension outlet and the filters. 

The wall friction at the filters 3 can be reduced by 
generating a pulsating liquid flow in . the removal line of the 
liquid by means of a piston in a cylinder 8. 

Tlie suspension to be concentrated can be a crystal suspension, 
prepared in a crystallization vessel 9 with a scraped cooler 10. 
The desired mixing in vessel 9 is obtained by a stirrer 11. The 
mixture to be crystallized Is supplied through a line 12; the 
mother liquor can be removed through a control valve 13 and/or be 
recycled by a pump 7 as the circumstances may require. 

Fig. 2 is a diagram of a combination of the apparatus of 
fig. 1 with a washing zone which is stirred. 

The reference number 1 substantially indicates the apparatus 
according to fig. 1. Corresponding component parts arc indicated 
with the same reference numbers as in fig. 1. 

Between the filters 3 and the crystal removal 30 a stirring 
device is .mounted for tangential stirring the concentrated crystal 
suspension. This stirring device consists of a rotatable axis 23 
with rotor pins 23, in combination with stator pins 25 fixed in the 
wall. The rotatable axis 23 is In direct line with the central 
filter pipe 31 in order to hamper the transfer of the concentrated 
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crystal suspension as little as possible. 

The crystal suspension is then transferred via a rotatable 
knife 14 with a drive 22 to a nelting circuit • consisting of a 
rinsing chamber 27, a heat exchanger 28 and a pump 29. A 
substantial portion of the crystals is removed as product through a 
control nenber 32. The other part of the molten crystals is 
recycled as vashing liquid to the washing zone. 

A portion of the washing liquid crystallises In the vashing 
zone and consequently the volume fraction of the solid matter 
increases in the washing zone* By using a tangential stirring, 
however y it can be provided that the crystals remain loose in 
respect of each other and that the vashing pressure does not 
increase. By mounting a dynamometer 21 between the drive of the 
stirring device 20 and the rotatable axis 23 the torque exercised 
on the stirrer can be measured and on the basis thereof the volume 
fraction of solid mater in the crystal mass in the washing zone can 
be controlled. 

The wall friction is reduced by a pulsating liquid flow caused 
by a piston 33 at the removal of the crystals. 

Figure 3 is a diagram of two apparatus according to the 
invention connected in series. Both apparatus consist of a washing 
zone with a packed crystal bed. In the first apparatus to which the 
suspension is fed corresponding component parts are indicating the 
same reference numbers as used in figures 1 and 2, but increased by 
100. In the second apparatus the reference numbers of figures 1 and 
2 are increased by 200. The number of filter pipes in each 
apparatus amounts to 10-100 per square meter of cross section of 
the column. A crystal suspension from a crystallizer Is fed to 
apparatus 101 via line lAl and by means of pump lAO. Via line 1A2 
the mother liquor is recycled to the crystallizer and if needed, 
partially sluiced as a waste flow. The concentrated crystal mass 
obtained in 101 is via a rotatable knife 14 transferred to rinsing 
chamber 127 and suspended with mother liquor from the second^ 
apparatus 201 which is fed to the rinsing chamber 127 through line 
2A2. The crystals from 101. are suspended in this mother liquor and 
fed to the second apparatus by means of pomp 240. In the second 
apparatus the suspension is again concentrated, the crystals are 
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transferred to the rinsing chamber 227 by means of the knife 21A 
and thereafter they are suspended, molten by ueans of heat 
exchanger 228 and substantially removed as molten product by 
control means 232. A complete separation between crystals and 
mother liquor is effected by establishing a stationary washing 
front by means of a temperature sensor 23A. 

By means of a control means l^fi such a value of the sluice is 
set (to be read by means of flow meter 1A7) that in this apparatus 
101 no stationary washing front occurs in the packed bed, but that 
a minimal quantity of mother liquor is removed together with the 
crystal mass. Thus the crystals remain in contact with the original 
mother liquor and only just under the knife there is a limited 
temperature rise of the crystals. In the rinsing chamber 127 the 
crystals are suspended with mother liquor from 201 having a lower 
impurity concentration and consequently a higher equilibrium 
temperature. Thus the temperature of the crystals increases. The 
heat required for this- is withdrawn from the liquid phase which due 
to this partially crystallizes. 

The supply of a melt of pure crystals by means of control 
means 1A6 and temperature sensor 145 sets the temperature of the 
mother liquor and thus also the impurity concentration in the 
rinsing chamber at a certain desired value. 

. The liquid pressure level of the apparatus 201 can relative to 
the liquid pressure level of the apparatus 101 be increased 
according to the needs by means of throttle valve 249. By 
controlling the throttle- valve 249 by pressure sensor 250 one is 
assured that possible washing pressure changes in the rinsing 
chamber 127 do not influence the liquid pressure level in the 
apparatus 201. 

The mother liquid which together with the crystals is removed 
in the apparatus 101 to the rinsing chamber 127 is diluted with the 
melt supplied via 146 until the set value is obtained. The sluiced 
material is removed to a suitable point in the crystallization 
cascade. 

In order to dilute as little as possible the mother liquor 
which together with the crystals is removed in the apparatus 101 to 
the rinsing , chamber 127, the impurity percentage of the mother 
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liquor clrculatlnc between the apparatus 101 and 102 is preferably 
chosen as high as is still compatible with a cood functioning of 
the apparatus 201. 

Possible fluctuations in- the crystal transfer are compensated 
by controlling the liquid flow rate through the crystal bed based 
upon a partial recycling of the mother liquor in such a way that 
the position of the crystal front, i.e. the position of the 
transition from diluted suspension to the compact bed is kept 
stationary. Keeping the crystal front at the saiae place in the 
apparatus 101 and 102 is realized by means of sensors 143 and 243 
for measuring the difference between the dragging forces of the 
suspension and the bed and the pumps 144 and 244. 

It is clear that in this way V7ith a cascade of two or more 
apparatus according to the invention any occurring teaiperature 
difference between fed crystals and crystals in contact with a pure 
melt can be bridged. 

Figure 4 shows a cascade of two apparatus according to the 
invention connected in series, in which no melt of pure crystals is 
supplied to the rinsing chamber of the first apparatus, but part of 
the starting material to be crystallized. Corresponding component 
parts are indicated with the same reference numbers as in figure 3. 
The only difference with the diagram of figure 3 is, that instead 
of melt of pure crystals starting material to be crystallized is 
fed by means of p\jmps 149 to rinsing chamber 127, and that the 
sluice is controlled on the basis of a temperature measurement in 
the rinsing chamber. 

The heat required for increasing the temperature of the 
crystals transferred by 101 is withdrawn from the supplied starting 
material which due to this partially crystallizes. 

Mhen the starting material can already partially crystalize in 
the rinsing chamber 127 less heat has to be withdrawn in the 
crystallizer. Thus the heat exchanging surface in the crystallizer 
can be smaller. The supply of starting material to the rinsing 
chambers of the first apparatus consequently does not only lead to 
energy saving but also to a decrease of the investment cost. 

If the composition of the mother liquor circulating between 
101 and 201 can be chosen in such a way that the impurity 



14 



0097405 



percentage is soiae units lover than that of the starting material 
even the total feed can be supplied to the rinsing chamber 117 • 
Example I 

The purification of para*xylene vas carried out in a 
^separation apparatus which substantially corresponded to the 
diagram of figure 2. 

The crystallizer consisted of a simple outwardly scraped and 
inwardly cooled heat exchanger with a length of 500 mn and a 
diaraeter of 300 mm positioned in a vessel with a length of 600 mm 
and a diameter of 500 nm. The heat exchanger and the vessel were 
substantially made of stainless steel. 

The suspension concentrator had a length of 1000 mm and an 
inner diameter of 200 mm and contained seven filter pipes, each 
with a diameter of 25 en. The length of the filters vas 40 mm, the 
diameter of the filter openings 0,5 mm, and the filters were 
mounted at 300 mm from the crystal removal side. 

Between the filters and the scraping knife a rotatable axis 
with rotor pins was mounted. In seven layers perpendicular to the 
axis rotor pins were mounted with a diameter of 8 mm; each layer 
comprised eight pins. The distance between the layers was 25 mm. As 
many stator pins 5 were mounted in the wall- The frequency of the 
liquid pulse was 1 sec.*^ and tbe pulse mass about 0.2 kg. 

The feed mixture consisted of para-xylene polluted vlth 20 
vt.% ortho-xylene, meta-xylene and ethylbenzene. The temperature in 
the crystallizer was -20*C. Of the total feed of 270 kg/h 180 kg 
were crystallized, while the 90 kg of non-crystallized liquid was 
removed as waste flow. 

The waste flow contained still about 40 Z para-xylene. At the 
side of the crystal removal 240 kg of crystals per hour were molten 
and about 180 kg/h were removed as 99.97 Z pure product 
(para-xylene) . 

The circulation rate of the mother liquor amounted to 1500 

1/h. 

A production of ISO kg/h yields at 8000 working hours per year 
an annual production of 1440 tons. With larger apparatus of the 
present type capacities of 100,000 tons and more per annum can be 
realized. 



0097405 



Exaiaple II 

The separation of para--xylcne crystals fron mother liquor vas 
carried out in a separation apparatus which substantially 
corresponded with the diagram of figure 3. 

The apparatus 101 and 201 had both a length of 1000 mm and an 
inner diameter of 150 mm and each contained six filter pipes with a 
diameter of 20 mm. The length of the filters amounted to 30 mm, the 
diaraeter of the filter openings to 0.3 mm and the filters uere 
situated at a distance of 300 ctm from the crystal removal side. 

£y means of pump lAO a mixture was supplied containing 100 
kg/h of para-xylene crystals and AOO kg/h of mother liquor 
comprising about 70 % wt. of impurities. The temperature of this 
mixture amounted to -30''C. The temperature of the rinsing chamber 
was kept at -10*C. Through 146:6 kg/h of a melt of pure crystals 
was supplied. Through 148 1.6 kg/h liquid containing 55 Z vt« of 
para-xylene was removed. The circulation rate of 240 amounted to 
about 500 kg/h. Through 232 100 kg/h of 99.97 Z wt. pure para- 
xylene could be removed. 

A production of 100 kg/h yields at 8000 working hours per year 
an annual production of 800 tons. Vith larger apparatus of the 
present type capacities of 100,000 tons and more per annum can be 
realized. 
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CLAIMS. 



1. An apparatus for concentrating a suspension consisting of a 
concentration sone surrounded in radial direction by a wall, of 
which concentration zone the cross section perpendicular to the 
centre line is constant and which concentration zone is provided at 
its beginning with means for the supply of suspension, with one or 
more filters near the end of the concentration zone, with means for 
the recoval of liquid passed through the filters, with means for 
the removal of concentrated suspension at the end of the 
concentration . zone, and with means for the generation of a 
pulsating flow in the concentration zone, characterized in that one 
or more tubes of a constant outward diaoeter extend from the 
beginning of the concentration zone in axial direction through the 
concentration zone, and that in the wall of each tube at least one 
filter is mounted forming the only direct connection between the 
interior of the tube and the concentration zone. 

2. An apparatus according to claim 1, characterized in that 
the concentration zone has a circular cross section and that the 
tubes are distributed evenly over this cross section covering only 
a small portion of this cross section. 

3. An apparatus according to one or more of the preceding 
claims, characterized in that at each tube a portion of the wall 
with a length equal to a multiple of the outer tube diameter is 
carried out as a filter. 

«. An apparatus according to one or more of the preceding 
claims, characterized in that the means for generating a pulsating 
flow in the concentration zone consist of a member for periodically 
changing the rate of the removal of the liquid passed through the 
filters. 

5. An apparatus according to one or more of the preceding 
claims, characterized in that means are available for recycling 
part of the' liquid passed through the filters to the beginning of 
the concentration zone. 

6. An apparatus according to one or more of the preceding 
claims, characterized in that the means for the removal of 
concentrated suspension at the end of the concentration zone 
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consist of a scraper, 

7. An apparatus according to one or more of the preceding 
claims, characterized in that between the filters of the 
concentration zone and the means for the reaoval of concentrated 

5 suspension a washing zone is provided at the end averted from the 
concentration zone, provided with a supply for washing liquid. 

8. An apparatvs according to claim 7, characterized in that 
the means for the reooval of the concentrated suspension debouches 
into a rinsing chamber and that means are provided for resuspending 

10 the concentrated crystal mass. 

9. An apparatus according to one or more of the preceding 
claims, characterized by means for a controlled dosage of washing 
liquid. 

10. An apparatus according to one or more of claims ,7*9, 
15 characterized in that in the washing zone a stirring means is 

provided consisting of a rotor the axis of which is coaxial to the 
centre line of the washing zone, which rotor is provided, at leasrt 
over part of its length, with radially outwardly protruding pins 
and that the washing zone is surrounded by a cylindrical mantle 

20 provided with radially Inwardly protruding pins. 

!!• An apparatus according to one or more of claims 7-10, 
possibly in combination with one or more of the claims 1-3 and 5 
and 6, characterized in that the means for generating a pulsating 
flow in the concentration zone comprise a member for periodically 

25 changing the flov; rate of the washing liquid to be supplied. 

12. An apparatus according to one or more of the preceding 
claims for separating a mixture of substances by crystallization, 
characterized in that - seen in the direction in which the crystals 
move - a crystallizer is positioned before the means for the supply 

30 of suspension to the concentration zone. 

13. An apparatus for separating a mixture of substances by ' 
crystallization according to one or more of claims 7-11, possibly 
in combination with claim 12, characterized in that - seen in the 
direction of the crystal flow - after the means for the removal of 

35 concentrated and washed crystal suspension a device is positioned 
for completely melting and subsequently partly recycling as washing 
liquid, to the washing zone of the removed concentrated and washed 
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crystal suspension* 

lA, Cascade for separatlnfi crystals from a suspension 
coaprlsing a nelt, characterized in that the cascade consists of 
two apparatus according to one or icore of the preceding clalmB, 
5 wMch apparatus are connected in series, that the supply side of 
the concentration zone of the first apparatus is provided with a 
supply line for suspension, that the outlet of the filters of the 
first apparatus is provided with a recycle line for mother liquor, 
that the outlet of the rinsing chamber of the first apparatus is 
10 connected with the supply side of the concentration zone of the 
second apparatus, that the outlet of the filters in the second 
apparatus is connected with the supply of the rinsing chamber of 
the first apparatus and that the rinsing chamber of the second 
apparatus is connected through a heat exchanger with a recycle line 
15 to the rinsing chamber of the second apparatus^ the rinsing chamber 
of the first apparatus and a product outlet line respectively. 

15. Cascade for separating crystals from a suspension 
comprising a melt according to claim 14. characterized in that the 
conduct betwen the outlet of the filters in the second apparatus 

20 and the supply of the rinsing chamber of the first apparatus is 
provided with a sluice. 

16. Cascade for separating crystals from a suspension 
comprising a melt according to claim 15, characterized in that the 
rinsing chamber of the apparatus is provided with a supply for 

25 fresh feed and that the sluice is controlled by the temperature in 
the first rinsing chamber. 

17. Cascade for separating crystals from a suspension 
comprising a melt according to claims 14, 15 or 16, characterized 
In that the cascade consists of more than two apparatus connected 

30 in series. 
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